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(57) [g**J] 

Mnz<xmmt,zii\^x. lEmtmt it . 1 1 n 

i fcC otMnt ££tf l> 

T'fcoT, X«a[fcUTCu-Ko*fflV^l»*X«|iI 
ifrill£C.fc l 5fflS£U:20=18. 7 1±0. 2 5° to 
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umm i ] y ^-7A-^^m«^KttSriEffi0 

fikf" SEfifc. ftttk. #*TO*k 
JKftZiJrtEftfcfclrVC, ±IBOjEffi*mtUT, 'J>"%< 
kiN ikCokMnk£#fry?-^HS&&BS£- 

X»@Jn!l5£fc J: Uc 2 5 = 1 8 . 71 + 0. 2 
5- W«B£#4^i.£-?<0¥ffiB* 1 0. 2 2- WT 

[ fit* Jf 2 ] imm 1 CcteSt L£=fM<««« Z iWKfi 
fcfc^T. ±f£OIESMk LT, Li a Co b Mn c 
M d N i,-( b+ctd) 0 2 (Mtt. B, A 1 . Si. F 
e, V, Cr, Cu, Zn, Ga, W^j&^jMtRSft 
l.^<kt-a<7)7C«rfcO. 0<a<l. 2. 0. 
lgbSO. 5, 0. 05-ScSO. 4, 0. OlSd 
SO. 4. 0. 15gb + c + dg0. 5<7)^ftS:>i7t 

[ IiM 3 ] 1 Xtt 2 Uggft L fc#**JMtZ 

ttMMz&^X. ±i5<0IE»fflklT. XMHIfcCu 

18. 71±0. 2 5' Offifflt#S^Str-^iOKS 
Sri (003) . 2 0=44. 54±0. 2 5" <0«H£# 
l£thV-?<mm$: I (104) k L,fc*£fcl. I (003) 

/i (104) (Dmo. 8a±<7)<jj-'yA-mfrkmm£ 
mmzm^tzLt *«r®k-t4iiwss23Ba^** 

[BW0H4 ] 11*11 1 ~3 mtifr i acEtttfc* 
*«IHtzaciat*JV»-C, JJE^jEStmkL-C, 'M 
&<k*>NikCokMnk ££tf®l£&JRO&igOtS 

*&«sKfcrA-* ysa&rjn*, &w^mr)*mm* 

m3&&cr>M&*.mmiz y ^A-ffc£-ft£*g-£§-th 
^S£ft£Mf&£-£T#£ 'J A-a8te«g--H8 
•flSHj£fflvvfc£ k Sr^ak1-^^*SMSZ<WI?tt. 
[ !!*« 5 ] n$3 1 - 3 ^Mixfr 1 JHfcM 

iKKki>N itCotMnt^SMi«# 
[00 0 1] 

^JS^^tt^IEgfffi^ll^^iEffik. flffik, # 



[0002] 

[«!3fW)tt«] ifi^. Witt, ffix*/i,=¥-**tf)*ig 
Z<^?f!!CO-ok LX. WKR&$*WI&6&iW\ 

[00 0 3] ZZX\ Z<7)£ o ^NcWBBZiWKftfc: 
fcWCli. *<OiEffiKJflV*£]E«tff4kLT. 'J?->A 

ft L i C o 0 2 ^ y f"7A- 7 -Jr/Ht-^KftUlL i N i 

it s lg^<7)x*/i^-®E£&tol>£ka { T*£ I) k^d 

jpjjs* 4 * o , c <o j- a &y A-^^jsa-g-K-ftft 
[0004] u&»u iieoia^yf-^A-sf^a 

[0005] ifi^K-fe^-Ctt. - 2 6 

7 5 3 9#4«Bt*Sii4 J: 3C> IE»ffik LT 'Jf- 

y ^»7A- - y ^m^lHLftk LT . Xfgjstcc u - k 
a *fflV>fc»*X«[S]#f«Jgt X mfcUz (003) 
tS<7)t-^c7)^tl^O. 14' ~0. 3 0" OEHtC 
!flrofctO&fflV^J:-5tLfc9, *fc1«ll¥8-2 2 

k h k ha/p h j^hc7j^^« t <n^m.im s 
fflv^tijbfco. io^sflsftkL-r. xnofifaiijt 

fcj: OSI^tTt (003) ffiSt^ (104) ffi<50h-? 

o^ffliig^'o. 5° jaTt-4ofc*><o^fflv\ #7j<m» 

*Zifc«ifefci-tft6lM -?/H*ttaV2S«SiSrlilhS 
•^Sdk^lllgSitT^I,. 

[0006] ilT, ^M¥6 - 2 6 7 5 3 9^$Bfc 
nm£fflmzm^XZ<7)&ft,'&$:Mmit:%r&. 

A\ IffiMimmiXfiZok. ffl&bLXznv* 

Z+ftiz&g-T h Z t ifiX'% =SrH k ^ 3 RUfr'Sb -> . 
[ 0 0 0 7 ] 4fc. ttBPFS- 2 2 2 2 2 3#4H§fci$ 
v^TJi, lEfiittflkkT, 'Jf-^AkaAyuhtcott^ 
S!-ft;ft^fl!jtc N y Ak ^avi- h k - -v *nvi:<Mg& 

mm*, y f-^A 1 3 avu h t7>*-y k n^mt 
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-7 y^y^nii^-^tSii^fi-^h^tz y 

[0008] 

i> ±iew j; o %fflmz%m.~f & - 1 zmmt t h £> nx- 
m&tfft L>tiz>&o<,zi-z>ztzmmt-f&i>cDX'fc 

[0009] 

i-tmfcmffinzKmmtzti^xu. ±a^>x 5%mm 
nmn-dmmza^x . iM^wmf-itLx. 

tsmWnX-fo-iX , XH^.i;LTCu-Ka$rffl07tm 
#:X||IIlt)T)i^C I J;0ffl£U!t2^=l 8. 7 1±0. 
2 5" »SEiltff^-ri>h"-^c7)¥«ili* 1 0. 2 2" tl 

[ 0 0 1 0 ] ZLX. Z<7)im^l 

n&mvfco i 3 1 , znwmmt lx . 4-&< 1 1 n 

i i: C o t M n fc Sr^fe'J f-^A-S#^Jia^tt 
T'S>^T. XiSiHt LTCu-Ka2rffll,^mX||!lI 
OfflSU: 20=1 8. 71±0. 25' <0 
^Hfc#£^l>t"-?W¥fflB#0. 2 2" JilTcOtO 
ffi^&fc. V^M.t-'vdDW^MimX'hhLi 
N i 0 2 Hfcttl> N i tfC o fc M n bX'Wk^iXX^ 
&&mmb*&\tZ ft. 1M 9 Mmtfft±.-f h b ftC . 

wimizmvmwkmmm^-iz^x y a 

[001 1] ifc. ±E«0J;a^-^<ttNi tCo 
tMnt ££t? 'J f-^ A-3ffl¥£K«£8Hfc?lftJ: ^ * 
M*JH2fcSctJ:5£. Li a Co b Mn c M d 

Ni,. (b »e*d) °2 < M{ ^ B - A1 • Si • Fe - 
V. Cr, Cu, Zn, Ga, WO't'frfegltRSftS^ 
^<tt-acO7C^T'*0. 0<a<l. 2. 0. 1£ 
b^0. 5. 0. 05=ScS0. 4, 0. Ol^dS 
0. 4, 0. 15^b + c + dg0. 5cr^n-^mtz 



fc s L i N i 0 2 K&ttS N i A\ CotM nCOffe 
ICJJB0M t LT^tJt^'5r< t fc-S«97G*"CHSi3 

tix. zcr>vi~^&-m^mmis®imzm$>mT 
•WijWWfcu jmnzmymixm-ytzWiitiz, m 

[0012] ttz. mH^SiZTp-fX o fc, -LTCES 
WP4fc LT . XfSaiCC u - Kor £fflUfc»ttX«0Jf 
M£fcJ:ypJ£U:2 6>=18. 7 1±0. 25" 
ffltffffi^-St-^oaiKS I (003) , 2 0 = 44. 5 

4±0. 2 5" <oRHtsqW6tr-^<oSia*i(io 
4) t Lit^C, K003) / 1 (104) cr>\mo. SJSl 

=5:6. 

[0013] -f &)bfe , U f"7 A fc =. ^/K0«^BHfc 

ft fc LT{±, l i n i o 2 <oflM;:y*'XM ^y<7)©^ 

• ScajIfeft^^L i t Ni 8 O 10 ^* { #4L. i<7)L 
i 2 N i 8 O, ,<0«f^#ittSlrt-& fc . ±IE<0 I (003) / 
I (104) c7)ffl* i fi<>Sr-7TSc«^S* i "ffiT-rS^* , >T-J) 

[0014] c: z.x\ m.<m$M l tc^-t J; 3 tc, 

^< ttN i fcCotMnfcSr-irtfyf-^A-Sf^g 
a^Kfllfttc*5^T. 2<9=18. 71±0. 25" <7) 
KHt#S-t-&f-^co^ffiti^o. 2 2" WT(c=5r-5 

'Jf->At«LTNi , Co, Mn|W4«^ 

a^yf-^A-S^JSWS^S^Srflsc: 

[ o o 1 5 3 ii-r, jEwmK«fflt*±Koyf"> 

A-ffi^«S-^iMk«U±» 2(9 = 18. 71±0. 2 

<m^m. waft < % -> x s v t w-rs 

LT. I8^3a5fc5rf iat, ^<ttN i tCoi 
Mnt ^Attra^«^#fi<oa^«?Sfc:r;^ 'J JKK 

T»3iL3i£y^^-^A«a^i!Mtft*ffl^Sifc 

[00 16] ^LT. ff^«5^'tJ:atLTi8tL 
'J ^-^^ -Sf^E«^Kttti3V^(i. 2 6>=1. 
8. 7 1±0. 2 5° COKHK#^ttStr-^«0^ffl*i 

*n 5° srf^ ; 0:oTfe B i i «^aft^'5:<^y. z 
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[ 0 0 1 7 ] ifc , i<OS6B^fctjJt6^*ttlHtZ<Jrtt 

i-Al, Li-In, Li-Sn, Li-Pb, Li 
-Bi, Li-Ga, Li-Sr, Li-Si, L i - 
Zn, Li-Cd, Li-Ca, L i - B a^cOUf-^ 

1 0 0 1 8 ] ^^B8^*WB«Z<WKff!!fc:te 

^ j/'X'f-;^— K if/Mf/W 
^f7UToe/P#-;#*-K 7'f/Wf 

-J'* h^X^y. fh7bHD77y, 2-^f-;P 
fh7hKD77X 1, 3-S***y5>\ SB*?- 

[ 0 0 1 9 ] a st. i<^Nc«W»tt3^T, ±ISO?§ 

T'# . Wi.{f , Li PF 6 „ LiBF, , L i C 1 
0 4 , LiCF 3 S0 3 , L i A s F 6 , L i N (CF 
3 S0 2 ) 2 . LiOSOj (CF 2 ) 3 CF 3 mcO'J 

i-^Mtitfnzmm-fz z t h . 

[0020] 

Miz&vm*.mm«z&mmco%&. mkoummM. 

bZRMMtmfXtyhMztZ,. i<0fffiHfci3 

tt 4 **«i!wzi5«ffi{i . Tmnm&Mizm i* *> <o 

[0021] (mmmi-i iiufwmi^) zti 
hcommmMfimmiza^xn. tmox oiztxft 
m uzsEmt %mtiwmmk mwm 1 t^-j: 



fc. 

[0 0 22] [lEUcDfES!] ]Efli*f^!-rSt*fc-aT 
tt. LiOHfcWLT, T^ffig^O. 05^mc7)Ni 

(OH), fcCo (OH), fcMn, 0 3 b A 1 (O 
H) 3 iSr-eil-eiim^^itTlin^, ZtlhttlW 

a.^M^mzm^x&'&zittzm. znfg&fazn 

JS^&ffl&TJcfc^T 8 0 0 < CT-8l^&*!yi£fi : & 
Li fcNi fcCofcMnfcAl btfTMe>$kl& 
X/m 2 X 0 tcWMz*-? fc# 'J A 

fflwrft* lt , ^wpj&s&wb 5 u miz%->tz 
[ 0 0 2 3 ] -e ix, ztit><w&jEwmk . s^fjt- 

xUr>-i:S-fixm9 0 : 6 : 40)MMltlz%l£o 

izmm lx &m&mzfm i . ; ^fwo&iEffi&aij* 

fil^2t/cm! OE*THo£ELTES2 0mmO 

PJS«fc:^LJt«. KSTfcfc^Titl* 2 5 0°CT' 

2«ffiHWBaLT*jEffS:fHSLJt. 

[0024] [tffiOf^M] flfi*faW-iK*t-?T 

[0025] 

St*7toTJi. xf-uy^-^-ht^f-;^- 
jK*- h 1 5r 1 : 1 o««Jtca^$*Jtfi^jfflifc: % 
^Ht IX L i P F 6 Jlmol/I ^fJ-^-Tif 

[00 26] [««!OfS»]«ffiSrfa!-t4t:A3t-5"t 
«. H 1 tc^-T J: 3 K . ±IScOi 3 1 LT#|g L^#IE 
S 1 S- ^itmiESi*«* 5 (c«t "5 ft»t4 1 Mz±Xicr> 

Z<7)WU-?3Z±Micr>&iE 
Mlbn.m2b<7)mzfttt£-£X. Zti^]Em4a. 

*URW$-ti\ JE^mS#:5^^LTIE^l^jEffife4a 

t&4bt^$-t, ZWim$i4 atftga&4bfc^J6 

[0 027] (HMM1 8) ClOieSfcffllttSV^-Ctt. L 
iOHt*fLT¥%aS*«0. 0 5^/mc7)Ni (OH) 
2 fcCo (OH), hMn, 0 3 tAl (OH), 

-tM&ommm 5 1 r t^^jtxunx . zn^^sim^ 

m#fflMT(dfc^r 8 0 0TTC2 O^HI^aSS-ff^ 3 
J:-3fcU ^iifeWtouTtt. JJBOXttM 1-^17 
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Rx/itmm i -3 mmiztx y w&-<kw& 
[0028] mmm 1 9 > zcommmizh^xu. l 

1 OH£ftLT¥i%&SA ? 0. 0 5/im£7)Ni (OH) 

2 iCo (OH) 2 kMn 2 0 3 kA 1 (OH) 3 k£ 
iJE<0HitW 5 k H t ^HfClPi . - tL £> £5)1 |£ h 

%nm%Tizti\^x8 5 o^rsisiafBtaiisfcfTSrs a 

-HUWtonTfi. ±l£coHte^Jl~l 7 & 
IrttKW 1 ~3<7)*t£k LT U f-^AZiWKftfc 
fWL.fc. 

[0029] (HM0«2 o ) zcommmiz&^xte. je 
(c» o , mnmmzmt- ? *nvb mm 

;Ht* { N i: Co:Mn = 0. 9:0. 01:0. 09 

b y * a*»»£«s« ttsu usra^JKfps-trc , &a 

Mil- y y>VWzm&--v J r)VW.T(0-®ifi. artjl> 
h m=F fc v ytfyfn 1 k t i iT*-C»8W: cfc -5 
£flli6*tft6ffiJicaiN i 0 . 9 Co 0 . 0) Mn 0 . 09 (O 
H) 2 T*S<ti^AWJI-&*IWt!ft*«»^iin:. 
[ 0 0 3 0 ] * LT , ioa»A«tt^*Kfl:ifti: L i 

ItbKhXo (e*g£$ d <0ffl*8)£ (S*aESil3JlB« 
Tfcfc V *T 8 0 0 *CT 8 $|g|g&i!a IXV+*7J*-W& 

wamzm^x , jjEonttw i ~ 1 7 ax/tam 1 ~ 

3 co^-^t mmiz ixjEmtim-fh t mz y ^ az 

[ 0 0 3 l ] (HJ601J2 l ) itfaOttWCtJlvCtt. IE 
;Ht#N i : Co : Mn = 0. 5:0. 4:0. l«0fj 

*tc* s J; 3 (cps l > z (0%&mm* izTmfci- v y 
v&mm&^iz&ALZ&^tiimitx. 
m>m\mkms^. znxoizt&b. 

^ b -? >*>JS^ k fc J; -5 T ftj-fcSSS $ titz J; o &flt 
£££-f-S>filfctN i 0 . 5 Co M Mn,,, (OH), 

x'^tiim^m^mmm^titi. 

[ 0 0 3 2 ] *UT. ±ffi<0HSS^j2 OOJi 

£ k HSfc LT 'J ^ AZ<K«iS£tf« L£ . 
[0033] (HJ&01J2 2 ) i<^UtWtt5^T«. IE 

r? a;u h k bekv y#> b mmr/u 5 ^aos^sjk 

Sr. fcjfflteWO^WttfN i : C o : Mn : A 1 = 
0.84:0.1:0.05:0.01 OfJ^C** i 

5 (ciis^L. £os&s»+fc*BKt* h y v^mm 



m*m.iH£tz. Z0)£olZ?hb, *I?€--y^+ 
iz&tfh- yMsKWWifi* irtfrhmTb -?y*f 
yiW^bTJU^-^M.W^blzX-oXi^-l.zmm^ixtz 
X dtcffi&tt-f h&ti&W io.84 Co o,, Mn 0 . 05 A 
1 0 . 01 (OH) 2 T*Stil»ji^JR«^l<S«^# 

[ 0 0 3 4 ] -e LT. ^-eofiWi. ±fetOHIfe^J2 0.0*1 

n«(c lt y j-<7J±z.&Kmfm tt:. 
[oo35] mmm2 3 > ciwiittwtijv^tt. ie 

Sr. &W&&m<W\>'iktfN i : Co : Mn : A 1 = 
0. 5:0. 1:0. 39:0. 01 CO%tfktiZZc&£ o 

(cpii^Ls zcom&m&wzTmfci- h y v^mm* 
®«iz&Ai%tfhmm-tx. %w&&m<7)?mim 

ZcoXllz-r&b. 7KK^--/^;U+t 
H (t § - >y ir;i/K-f- co-gS* ? , 3A';|/M|f tvy^'y 
k 7/U 5 -VJiMX b T^-(cim§nfo J: 
d^rflBtSrifirt&fflJfotNio.jCoo., Mn p . 39 Al 
o.oi (OH) 2 X'^tlhW(^m&£*WitWf%h 
iitz. 

[0036] LT, *<0ttli % ±IBOHift0lJ2 0^ 
^k RttC LT y AZJJ^Wfi^fRRLfe . 
[0037] (it««4 ) z^itmnzh^Xii. 

ftg*»l O^mtSfl^S^N i (OH) j kCo 
(OH) 2 kMn 2 0 3 kAl (OH) 3 k2rfflV\ L 
i 0 H izM LT ZtlhZ±iinmMM 5b® t^itX' 
MilX^zl. WMlz^Xte. ±Mw$mmi 
-l 7mimmi-^3<r>m^bmmizLxui-^^- 

[0038] ( ifc«^J 5 ) CI <0Jt«WK*5V ^T(S . ±IE 

coit^]4 k muc . T^ea** lonmt im<n>±* 

yjrNi (OH) 2 kCo (OH) 2 kMn 2 O a kAl 
(OH) 3 bZRfrK LiOHfc*fLT<Iil£>£±Etf) 
HiS0iJ5k|S)L^i:bTjDi., iil<5>*5Jl|3!CA>V^»V^ 

^Tfci^T 8 0 0 "CT 2 0 B#ra«^$ €S k V * d 
115:^3 i a (cL. W#K=ovvcti, ±IE«0H* 
7 St/itWJ 1 ~ 3<7)*S^-k |S|«(C LT 'J ^-7 

Az^m?a^f^L/c. 

[0039] (Jts^j6 ) zcoimm^a^rn. ±ie 

c0itS^>]4 k PStC:. WfeS^ 1 0 /x m k figO^S 
^Ni (OH) 2 kCo (OH) , kMn 2 0 3 kAl 
(OH) 3 fcfcflJW L i OH(cMLTdil^$:±IBO 
lOfcWSkPJt^Ufc-CHni.. i*i^>Sr5JilS^v^o 
?L»2rfflv^T^$ii:^a. d<0S^ltl*iefl^»H 
mTtfc^T 8 5 O-CT'S^asRg^ffyj: 3 X 0 IZ 

l , wmz^\ ^x (± . ±a<omtw i~i7 Rwt 
wj 1 -3 nmz lt y -5-^ i±z<znm im 



(6) 



*IBPF 1 1-25957 



[0040] umm7 ) zoimmiz&^x^ -m 

^oiWzy U- ?tt<r>?miti- h 'J VMtt £t£AU 

•y-trjummt^t-r b y ai^^i 

# L . iftffc&o jfc*BMfc=. 7^Ni (OH), 

[0041 ] ^LTs C<7)N i (OH) 2 t L i OHt 
£\ Li :Ni*»l : 10t;Hfcfc*i«fcdfcffl^S 
•fir- ^<Of£(i. JbIB<?5^fifeM 1 — 1 7%XflffitMl^3 

[0042] (tbm\8 ) zcoitmiiz&^xii, jEm 
ifmti izhtz *) . imcoimm 7 1 mmiz lxwz 

W^D^Stft-yir/UN i (OH) 2 £JHi\ CcONi 
(OH) , tLiOHtCo (OH) 2 Li : N 

i : Co*<l : 0. 8:0. 2<7) ; t;UJt(C^S i 3 (CS 

^3<vm&tmmzLxvi-vj*-ttmm£imLfc. 
coo43] atmm9 ) zcnimmiz&^xii. in 
*fss-*-4tc*fci5. l i omzntx, Hicoitmi 

4 1 (l«C¥£>£tfi# 1 0 u m fc Sg«A§ 4Ni ( O 
H) 2 frjflv\ Li : Ni#l : lWE^ftfc^iJ: o 

«gnr$-tt tami. is&ommi-i 7mm 



c o o 4 4 ] i i x\ ±Mi<r>mmm 1-23 it^i 

l ~9<?)# y f-> AZ<Jd»{ctjttS#iEB*fflfcov > 

t. xmmt lxc u-Kazm^tifttkxismmm 

fc:«J:oT2<9=18. 7 1±0. 2 5' <r)&WlZff&? 
&t:-?<D¥WI5t:-$#>i>kMi. 26=18. 7 1 + 
0. 2 5* 0«SBtflqtrSt-^05S*I((XB) &2 
0 = 44. 54±0. 2 5° cDteHlCfffcr 
MUSI (104) fcfrfct-^SMBfc [ I (003) / 1 (104) 

[ 0 0 4 5 ] _tlfi<DJ: a fc LT^SL^HW 1 
-2 3 &t/£fctS$aj 1 ~ 9 <7)& 'J ^ AZ<^l:?fi £ ^ft-? 
ftftfl^O. 5mA/cmt^t.MtE4. 25V 

*-c^$-«i:!ta. ammsso . 5 mA/c m -e»s» 
xjmm£m<omLxfttc\,\ &vf7j>-<xmmzis 

2lz£bitX*Lt:. 

[0046] 
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tffi El XL* 


( m ) 


V ill mi / & / 


L i 


N i 


C o 


M n 


A 1 




1 .00 


0.90 


0.01 


0.09 


0.00 


0.17 


1.8 


150 1 


210 


mmm 2 


1.00 


0.90 


0.09 


0.01 


0.00 


0. 18 


1.5 


142 


205 




1.00 


0.50 


0. 10 


0.40 


0.00 


0.20 


1.7 


147 


200 




1.00 


0.50 


0.40 


0. 10 


0.00 


0.22 


1.3 


151 


202 


nmm 5 


1.00 


0.84 


0. 10 


0.05 


0.01 


0.21 


0.8 


192 


199 


mmm 6 


1.00 


0.74 


0.20 


0.05 


0.01 


0.20 


1.2 


196 


201 


%mmi 


1.00 


0.50 


0.44 


0.05 


0.01 


0.21 


1.3 


188 


198 




1.00 


0.74 


0. 10 


0.15 


0.01 


0. 18 


1.7 


184 


205 


nmm 9 


1.00 


0.50 


0. 10 


0.39 


0.01 


0.19 


1.5 


186 


210 


HJfcPJ 10 


1.00 


0.74 


0. 10 


0.05 


0.11 


0.19 


1.4 


190 


197 




1.00 


0.50 


0.10 


0.01 


0.39 


0.20 


1.2 


189 


199 


mmm n 


1.00 


0.89 


0.05 


0.05 


0.01 


0. 19 


1.8 


142 


202 


nmm n 


1.00 


0.88 


0.10 


0.01 


0.01 


0.18 


1.4 


140 


203 


%m.m u 


1.00 


0.85 


0.10 


0.05 


0.00 


0.16 


1.3 


138 


198 


H&0»J 15 


1.00 


0.49 


0.45 


0.05 


0.01 


0.18 


1.9 


145 


200 


HflfetfJ 16 


1.00 


0.49 


0.10 


0.40 


0.01 


0.20 


1.6 


140 


201 


nnm n 


1.00 


0.49 


0.10 


0.05 


0.36 


0.19 


1.8 


139 


198 


£*S#J 18 


1.00 


0.84 


0.10 


0.05 


0.01 


0.20 


0.7 


i 191 


185 


mmm 19 


1.00 


0.84 


0.10 


0.05 


0.01 


0.21 


0.6 


190 


187 


^flfctf'J 20 


1.00 


0.90 


0.01 


0.09 


0.00 


0.15 


1.7 


148 


224 


HJfe#J 21 


1.00 


0.50 


0.40 


0. 10 


0.00 


0.15 


3.5 


149 


239 


mmm iz 


1.00 


0.84 


0.10 


0.05 


0.01 


0.15 


1.2 


193 


212 


mmm 23 


1.00 


0.50 


0.10 


0.39 


0.01 


0.15 


1.4 


189 


230 



[0047] 



( 8 ) £6)f¥ 1 1-25957 







r ) 




(©) 


(nAh/g) 


L i 


N i 


C O 


M n 


A 1 


tt®m i 


i.00 


1.00 


0.00 


0.00 


0.00 


0. 17 


1 . 1 


60 


160 


Jt»09 2 


1.00 


0.90 


0.10 


0.00 


0.00 


0. 18 


1.3 


57 


154 


tt«« 3 


1.00 


0.90 


0.00 


0.10 


0.00 


0.20 


1.3 


61 


155 


it^^J 4 


1.00 


0.84 


0. 10 


0.05 


0.01 


0.34 


1.5 


187 


150 


Jt«0! 5 


1.00 


0.84 


0.10 


0.05 


0.01 


0.37 


1.7 


190 


153 


ft&^J 6 


1.00 


0.84 


0. 10 


0.05 


0.01 


0.37 


1.7 


186 


154 


tt^^J 7 


1.00 


I. 00 


0.00 


0.00 


0.00 


0.15 


2.0 


58 


163 


it^^J 8 


1.00 


0.80 


0.20 


0.00 


0.00 


0. 17 


1.9 


61 


167 


JtlfcPJ 9 


1.00 


1.00 


0.00 


0.00 


0.00 


0.23 


1.9 


42 


150 



[0 048] Zcr>&^ mmMl~~2 3cr)V1~'}l*Z.<!K. 
W&b tifflW 1 - 3 . 7 ~- 9 <0 y +VJ>.-<mmt SrJt 

Wctht. wmmtLx. 2<?=i8. 7i + o. 2 

5* ^«H(c^-fSt-^<7)¥iffl§^0.. 2 2" OCT 

fcWt t , mm 1-2 3c7)i a fcjEWmt LT^- 
<fci>Ni i:Co tMnt**tf'Jf->A-»»ASHt 



otMn(7)^<H- 



3, 7~9C0#Uf- 



[ 0 0 4 9 ] £fc . jEBttBWHn* 'J f-^-A-aSte 
Eg^lMKfttiJV^T. LiiNitCotMntAl 
OTWH t ^-ofcUfSWI 5 . 2 2 tfD# y f>>AI 
iMEffifc. it®W4~6<7)#'J^->A-a:l:MfcSrJt« 
■fSt, 2 0=18. 7 1±0. 2 5' «0^Ht#tt^- 
St-^tftfMMftfO. 2 2' aTlZ%r>tilEWi¥4$: 

A 5 ±ISc7)0. 2 2° i9*^M*ffi£ffivvfcifc1S0! 

4-6^#yf-^Az&m«cjtAT, tt$co£nt8ft 

[ 0 0 5 0 ] it: . jEWffifcfflV*.* y f?J>-M®£ 
m^m-itmzii^X . LitNifcCotMntAl 

<0*;PJt^*tJiBL7tllM^ll , 4, 5, 9co#yf-n?A 
Z&m?fSt . 0-2 3<0&yf"72OJrtl?ftfc 

wixiEmzimuzmmmi, 4, 5. 9o#y?-> 

AZ&miftfcJtAT, Ni, Co, M n , A 1 O&WM 
LTiEffi$:#ML7trllJt«2 0-2 3<0#y-Wd<K 



[005 1 ] Zillt^ mm\2Q — 2 30&yf-?AZ 
OrtiN^*^^*:^. ¥^&S#0. 0 5^m 

chat, LiNio 2 commzm%ozt%<. 
[0052] wtwi~2 3oyf">Azaia 

t^-TLi, Co b Mn c M d Ni,. (b . e , d) 0 2 (M 
fi. B, Al, Si, Fe, V. Cr, Cu, Zn, G 

9. 0<a<l. 2. 0. l^bSO. 5, 0. 05S 
c^O. 4, 0. OlSd^O. 4. 0. 15Sb + c 

+ dS0. 5<0*tt£8fc-f. ) -e^ftsy^A- 
a^Ris^iHt^fflv^^^ is, i 

9,22, 2 30)&Vj-*;&-d:nMi. ZiUWtoV 

wj*-m&&m&mm*m»t&mMi~-4, 1 

2-17, 20, 21<7)#y^AZiJdJffifcit^t\ 
$ fcfr 4 ? iVmtffak IX ^Jt . 

[ o o 5 3 ] *jt . nsfiM i ~ 1 7<o y f-«7 AZixsfft 

i: StENtM 18, 1 9 <0 y ^-7-id&Tl?ffi£Jt$ Lfc* 

20=18. 7i±o. 2 5° «oisafc#ft-rse 

-?<D3£g I (003) t20 = 44. 54 + 0. 2 5° <D 
IEHfc*«f6t-^<O5MEI(104) hoe-^jgJt 
[ I (003) / 1 (104) ] #0 . 8 feLht=-3r o iEffiWS 
Srffiffl LfcHMsW 1 - 1 7 <0 'J f-»7 A . I (0 

03) / I (104) ifiO. 8<fcyffi^IE«W£ffifflU:fl 
fflffl 1 8 , 1 9 (0 'J ^AZ&m?t!l£tt^T . 

[ 0 0 5 4 ] JJEOStttWfcfcV vH4. EffiWH 



(9) 



ftffl¥l 1-2 59 57 



X. NitCot Mn<OiCA 1 £fflVtf:0lJ£^LJfcfc* 
IfC****. A i OffcbOfcB. Si, Fe, V, C 
r, Cu, Zn, Ga, Wj&^fciSfj&^affiSfli^ 

C 0 0 5 5 ] ±fc. ±E05SttWfctSVvctt. 
-W*IWtei^fcfl«*-4»BfcN i , Co, M 
n, A lOKfttt^BfcttfcffiVtf:* 5 , i^lRfifcN 
i , Co, M n , A 1 <Mffl&. KKffl. KifettL iWS 

[ 0 0 5 6 ] ±EO*ttW2 0~2 3fct$HT 
tt. a^«i^*lMfcfft*»*«Sl: LTs N i , C 
o, Mn. AlOKBfflSrfflV^idKLJt**. imt 

^ftCT&fcOTfttUfJ^. Ni, Co. Mn, Al 

[ 0 0 5 7 ] £fc. ±K<0*StW2 0-2 3fctJV»T 
14. ±£<Z)N i . Co, Mn , A 1 ffffiffinSfeffiR 

it U *»U+WRJSfc: J: D#a^£Ji<7>*Kfc^^£ 

mmmm^i£oizixi>^\ 

[00 58] tii. ±iewj|JS^J2 0-2 3tfcV^T 
tt. ±E«0N i , Co, Mn , A l <0ffi»»7>ffl£»ffl[ 

c*infct h y «7 j*zi}nix&m®£mcD7miWfiz : & 

fcZit&XoiZltitiVX'fo&tf. £<o*&fc. 7^ 

±jmg&mmix. m^mm^izm^t^tii 

XoizLXtXW 
[0 0 5 9] 

1 tfc»t&^Mc«J!WtZiJrtKfiK:iJV^'rU. *OIE«tt 
fAt LX . ^< HNiiCotMnt Sr^tf 'J 
A HBf?&IHI£lMHIrC& . XlSji t LT C u - 

k a zm^mmmmmzx ososu: 20 = 1 

8. 7 1±0. 25* OflHCfffttit^^flMi 
#0. 2 2° JaTOfc<*)£fflV^J:3KU:fctf>» 'Jf- 
<7Afc - >y^r;K0«-&»flSfc-C*6L i N i 0 2 CtJlt 
& N i A J C otMnt T-Sm^tlT fc7)M B B a «3t*^k 
ZtlhtMz. ^<ttN itCoiMnt^'J 



[0060] i<o»», t\<nm%omm. 1 tjstt** 

[ 0 0 6 1 ] 4fc. i W»#»)SII«fl2t^r J: 3 (c, 
±K<3jEffi«Rfc:. Li a Co b Mn c M d Ni 
i-(b*e+d) O2 <M{j\ B, Al , Si . Fe, V, C 
r, Cu, Zn, Ga, W<7)*frL>MSlZtl2>'J?%:< t 
h-m^TtrnX-h*) . 0<a<l. 2, 0. Ubg 
0. 5, 0. 05Sc^0. 4, 0. OlSd^O. 

4. 0. I5^b + c+d^0. 5<rtikfttffitzi: ) 

[ 0 0 6 2 ] £«0»#0iMBB3fc:**J: 3 1. 

ftX«|llifrW6(c£9^Lfc2 0=18. 7 1±0. 
2 5" <0«HtflPfct6t-^<03S«Sl(003) . 2 6? 
= 44. 54±0. 2 5' <0«Hfc#arr4tf-7tf>5a 
g£ I (104) fc Lfc*£fc* I (003) / I (104) <T)W 
0. 8JjLhOt><0&fflV^t, **W»KZ»1K6t*J 

[ 0 0 6 3 ] * . Z <Wfflnn#R4 IZTjk-fX o t, 
±EOfl*3l 1 ~ 3 ^)^Nc«»KZiXW6ttJ»tS iEff 
WRk LT . n$g 5 t^t J 3 4«5r< fc t N i t 
CotMnt Sr*«*B^*O*«c0ffl^«ak:T/l'* 

i&Zitxwimitzvi-vA-mz&fflfciiWiimzm^ 
tt. z^j^A-w^mm-km-mizmhm 

[HSWIS#=5rira] 

[01] i^Bflco^Mt/it^J^U^^AZ^ 

1 JEffi 

2 ftfi 




mmm mm 

±REW^nTfr^:[S*ji2Ta5#5^ = 



*l»^Prf!]MS:«2T@5#5# = 



PATENT ABSTRACTS OF JAPAN 



(11 publication number : 11-025957 
(43)Date of publication of application : 29.01.1999 



(51)Int.CI. H01M 4 /° 2 

C01G 53/00 
H01M 4/04 
H01M 4/58 
H01M 10/40 



(21 Application number : 09-230145 
(22)Date of filing : 27.08.1997 



(71 )Applicant : SANYO ELECTRIC CO 
LTD 

(72)Inventor : SUNAKAWA TAKUYA 
OSHITA RYUJI 
WATANABE HIROSHI 
NOMA TOSHIYUKI 
NISHIO KOJI 



(30)Priority 

Priority number : 09117341 Priority date : 08.05.1997 Priority country : JP 



(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY AND 
MANUFACTURE OF POSITIVE ELECTRODE MATERIAL 



S 3 

) 




used. 



(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance initial 
discharging capacity and cycle characteristics by 
improving a positive electrode material in a 
nonaqueous electrolyte secondary battery 
provided with a positive electrode using lithium 
transition metal composite oxide as the positive 
electrode material, negative electrode and 
nonaqueous electrolyte. 
SOLUTION: This nonaqueous electrolyte 
secondary battery provided with a positive 
electrode 1 using lithium-transition metal 
composite oxide as a positive electrode material, 
negative electrode 2, and nonaqueous electrolyte, 
has as the positive electrode material, the lithium- 
transition metal composite oxide including at 
least Ni, Co, and Mn. The same whose half width 
of a peak existing in the range of 20=1 8.71±0.25° 
measured by powder X-rays diffractometry using 
Cu-Ka as an X-rays source is 0.22° or less is 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the nonaqueous electrolyte rechargeable battery equipped with the positive 
electrode which uses a lithium-transition-metals multiple oxide as a positive-electrode 
ingredient, a negative electrode, and nonaqueous electrolyte As the above-mentioned 
positive-electrode ingredient, it is the lithium-transition-metals multiple oxide which 
contains nickel, and Co and Mn at least. The nonaqueous electrolyte rechargeable battery 
characterized by the full width at half maximum which exists in the range of 
2theta=18. 71**0.25 degree measured by fine-particles X diffraction measurement using 
Cu-Kalpha as an X line source using a thing 0.22 degrees or less. 
[Claim 2] It sets to the nonaqueous electrolyte rechargeable battery indicated to claim 1 , 
and is Lia Cob Mnc Md nickel l-(b+c+d) 02 (M) as the above-mentioned positive- 
electrode ingredient, at least, it is a kind of element chosen from B, aluminum, Si, Fe, V, 
Cr, Cu, Zn, Ga, and W 5 and the conditions of 0< a<1.2, 0.1<=b<=0.5, 0.05<=c<=0.4, 
0.01<=d<=0.4, and 0.15 <=b+c+d<=0.5 are fulfilled. The nonaqueous electrolyte 
rechargeable battery characterized by using the lithium-transition-metals multiple oxide 
expressed. 

[Claim 3] In the nonaqueous electrolyte rechargeable battery indicated to claim 1 or 2 as 
the above-mentioned positive-electrode ingredient The reinforcement of the peak which 
exists in the range of 2theta=18. 71**0. 25 degree measured by fine-particles X diffraction 
measurement which used Cu-Kalpha for X line source I (003), It is I (104) about the 
reinforcement of the peak which exists in the range of 2theta=44. 54**0.25 degree. When 
it carries out, it is I (003)/I (104). Nonaqueous electrolyte rechargeable battery according 
to claim 2 characterized by a value using 0.8 or more lithium-transition-metals multiple 
oxides. 

[Claim 4] In the nonaqueous electrolyte rechargeable battery indicated in any 1 term of 
claims 1-3 As the above-mentioned positive-electrode ingredient, an alkali solution is 
added to the mixed solution of each salt of the transition metals which contain nickel, and 
Co and Mn at least. The nonaqueous electrolyte rechargeable battery characterized by 
using the lithium-transition-metals multiple oxide which the compound hydroxide of each 
of these transition metals was made to mix a lithium compound, was made to calcinate 
this mixture, and was obtained after carrying out coprecipitation of the hydroxide of each 
transition metals and obtaining the compound hydroxide of each transition metals. 
[Claim 5] In manufacturing the positive-electrode ingredient used for the nonaqueous 
electrolyte rechargeable battery indicated in any 1 term of claims 1-3 An alkali solution is 
added to the mixed solution of each salt of the transition metals which contain nickel, and 
Co and Mn at least. The manufacture approach of the positive-electrode ingredient 
characterized by making the compound hydroxide of each of these transition metals mix 
a lithium compound, and making it make this mixture calcinate after carrying out 
coprecipitation of the hydroxide of each transition metals and obtaining the compound 
hydroxide of each transition metals. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the 
positive-electrode ingredient used for the nonaqueous electrolyte rechargeable battery 
equipped with the positive electrode which used the lithium-transition-metals multiple 
oxide for the positive-electrode ingredient, a negative electrode, and nonaqueous 
electrolyte, and this nonaqueous electrolyte rechargeable battery, improves the positive- 
electrode ingredient in that positive electrode, and has the description at the point it was 
made to raise the cycle property and discharge capacity in a nonaqueous electrolyte 
rechargeable battery. 
[0002] 

[Description of the Prior Art] In recent years, as one of the new style rechargeable 
batteries of high power and a high energy consistency, nonaqueous electrolyte etc. is used 
for an electrolyte and oxidation of a lithium and the nonaqueous electrolyte rechargeable 
battery using reduction of high electromotive force came to be used. 
[0003] In such a nonaqueous electrolyte rechargeable battery, the occlusion of a lithium 
ion and the lithium-transition-metals multiple oxide which can be emitted are known as a 
positive-electrode ingredient used for the positive electrode here, and it is the lithium 
cobalt multiple oxide LiCo02 especially. Lithium nickel multiple oxide LiNi02 When it 
is used, about [ 4V ] high discharge voltage is obtained, there is an advantage that the 
energy density of a cell can be raised, and using such a lithium-transition-metals multiple 
oxide is examined. 

[0004] However, discharge capacity fell gradually and the above lithium-transition- 
metals multiple oxides had the problem that sufficient cycle property was not acquired, 
when a crystal tends to have broken, and charge and discharge were repeated in the 
nonaqueous electrolyte rechargeable battery which used this lithium-transition-metals 
multiple oxide for the positive-electrode ingredient and were performed. 
[0005] Then, in recent years, as shown in JP,6-267539,A [ using the multiple oxide of a 
lithium and nickel as a positive-electrode ingredient ] as this lithium nickel multiple 
oxide As what became the range whose full width at half maximum of the field (003) 
measured by fine-particles X diffraction measurement which used Cu-Kalpha for X line 
source is 0.14 degrees - 0.30 degrees is used and it is shown in JP,8-222223,A In using a 
multiple oxide with transition metals other than a lithium, cobalt, and cobalt for a 
positive-electrode ingredient as this multiple oxide Raising the cycle property and 
discharge capacity in a nonaqueous electrolyte rechargeable battery is proposed using 
that from which the full width at half maximum of the field (003) measured by X 
diffraction measurement and (104) a field became 0.5 degrees or less. 
[0006] Although the cycle property and discharge capacity in a nonaqueous electrolyte 
rechargeable battery are improved to some extent here compared with what does not 
control the crystallinity when the crystallinity is controlled using the multiple oxide of a 
lithium and nickel as a positive-electrode ingredient as shown in JP,6-267539,A When 
carried out by repeating charge and discharge, the crystal of this lithium-nickel multiple 
oxide still broke, and there was a problem that a cycle property was not fully improvable. 



[0007] Moreover, it sets to JP,8-222223,A. Although using the multiple oxide of a 
lithium, cobalt, and nickel and the multiple oxide of a lithium, cobalt, and manganese 
other than the multiple oxide of a lithium and cobalt, and controlling the crystallinity of 
these multiple oxides as mentioned above as a positive-electrode ingredient is shown Or 
when the lithium multiple oxide which combined only any one of nickel and the 
manganese with this cobalt is used, it also sets, thus, a lithium — receiving — cobalt — The 
stability of the crystal was not enough, and when carried out by repeating charge and 
discharge, the crystal structure changed, and there was a problem that a cycle property 
was not fully improvable. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention makes it a technical problem to 
solve the above problems in the nonaqueous electrolyte rechargeable battery equipped 
with the positive electrode which used the lithium transition-metals multiple oxide as a 
positive-electrode ingredient, a negative electrode, and nonaqueous electrolyte, and it 
makes it a technical problem to obtain the nonaqueous-electrolyte rechargeable battery 
which controlled the fall of the discharge capacity at the time of repeating charge and 
discharge, and was excellent in the cycle property while improving this positive-electrode 
ingredient and raising an early discharge capacity. 
[0009] 

[Means for Solving the Problem] In the nonaqueous electrolyte rechargeable battery in 
claim 1 of this invention In the nonaqueous electrolyte rechargeable battery equipped 
with the positive electrode which uses a lithium-transition-metals multiple oxide as a 
positive-electrode ingredient, a negative electrode, and nonaqueous electrolyte in order to 
solve the above technical problems As the above-mentioned positive-electrode 
ingredient, it is the lithium-transition-metals multiple oxide which contains nickel, and 
Co and Mn at least. The full width at half maximum which exists in the range of 
2theta=18. 71**0.25 degree measured by fine-particles X diffraction measurement using 
Cu-Kalpha as an X line source used the thing 0.22 degrees or less. 
[0010] Like the nonaqueous electrolyte rechargeable battery in this claim 1, and as that 
positive-electrode ingredient It is the lithium-transition-metals multiple oxide which 
contains nickel, and Co and Mn at least. 2 measured by fine-particles X diffraction 
measurement using Cu-Kalpha as an X line source — the full width at half maximum 
which exists in the range of theta= 18.71**0.25 degrees - 0.22 degrees or less, if it uses 
LiNi02 which is the multiple oxide of a lithium and nickel While nickel which can be set 
is permuted from Co and Mn, the crystal structure is strengthened and a cycle property 
improves If what has the above crystal properties is used, distribution of the transition 
metals in the lithium-transition-metals multiple oxide which contains nickel, and Co and 
Mn at least will become homogeneity, the part which has the distance between layers 
suitable for diffusion of a lithium ion will increase, and it will be thought that the 
discharge capacity increases. 

[001 1] Moreover, as above lithium-transition-metals multiple oxides which contain 
nickel, and Co and Mn at least, as especially shown in claim 2 Lia Cob Mnc Md nickel 1- 
(b+c+d) 02 (M) at least, it is a kind of element chosen from B, aluminum, Si, Fe, V, Cr, 
Cu, Zn, Ga, and W, and the conditions of 0< a<1.2, 0.1<=b<=0.5, 0.05<-c<=0.4, 
0.01<=d<=0.4, and 0.15 <=b+c+d<=0.5 are fulfilled. It is LiNi02 when the lithium- 
transition-metals multiple oxide expressed is used, nickel which can be set A kind of 



element shown as the above-mentioned M besides Co and Mn permutes at least. When 
the electronic state in this lithium-transition-metals multiple oxide changes and it carries 
out by repeating charge and discharge, it is controlled that Mn is eluted in nonaqueous 
electrolyte and a cycle property comes to improve further. 

[0012] As shown in claim 3, the reinforcement of the peak which exists in the range of 
2theta=l 8.71**0.25 degree measured as the above-mentioned positive-electrode 
ingredient by fine-particles X diffraction measurement which used Cu-Kalpha for X line 
source Moreover, I (003), It is I (104) about the reinforcement of the peak which exists in 
the range of 2theta=44.54**0.25 degree. When it carries out, it is I (003)/I (104). If a 
value uses 0.8 or more things, discharge capacity will come to improve more. 
[0013] That is, as a multiple oxide of a lithium and nickel, it is LiNi02. If Li2 nicke!8 
01 0 grade with weak occlusion and emission capacity of a lithium ion exists in others 
and the rate of this Li2nickel 8O10 increases, it is the above-mentioned I (003)/I (104). It 
is for a value to become low and for discharge capacity to fall. 

[0014] In the lithium-transition-metals multiple oxide which contains nickel, and Co and 
Mn at least here as shown in above-mentioned claim 1 When the full width at half 
maximum which exists in the range of 2theta= 18.7 1**0.25 degree obtains the lithium- 
transition-metals multiple oxide which became 0.22 degrees or less It is necessary to 
make homogeneity mix transition metals, such as nickel, Co, and Mn, to a lithium, for 
example, use the mixture which used what has a very small particle size for these raw 
materials that constitute this positive-electrode ingredient, and they were made to mix, or 
Evaporation removal of the solvent can be carried out from the solution in which these 
raw materials were dissolved, such mixture can be heat-treated, using the survival as 
mixture, and the above lithium-transition-metals multiple oxides can be obtained. 
[0015] The above-mentioned lithium-transition-metals multiple oxide used for a positive- 
electrode ingredient here In order for turbulence of the crystal structure to decrease and to 
have a high discharge capacity so that the full width at half maximum which exists in the 
range of 2theta=l 8.71**0.25 degree is small, As it is so desirable that the above- 
mentioned full width at half maximum is small and is shown in claim 4 for this reason As 
a positive-electrode ingredient, as shown in claim 5, an alkali solution is added to the 
mixed solution of each salt of the transition metals which contain nickel, and Co and Mn 
at least. After carrying out coprecipitation of the hydroxide of each transition metals and 
obtaining the compound hydroxide of each transition metals, it is desirable to use the 
lithium-transition-metals multiple oxide which the compound hydroxide of each of these 
transition metals was made to mix a lithium compound, was made to calcinate this 
mixture, and was manufactured. 

[0016] And in the lithium-transition-metals multiple oxide manufactured to it as showed 
to claim 5, the full width at half maximum which exists in the range of 
2theta=18.71**0.25 degree becomes before and after 15 degrees, turbulence of the crystal 
structure decreases, and a still higher discharge capacity comes to be obtained in the 
nonaqueous electrolyte rechargeable battery of claim 4 using such a positive-electrode 
ingredient. In addition, naturally the approach of manufacturing the above-mentioned 
lithium-transition-metals multiple oxide used for a positive-electrode ingredient can also 
use the lithium-transition-metals multiple oxide with which it was not restricted to the 
above approaches, but the above-mentioned full width at half maximum became still 
smaller especially. 



[0017] Moreover, in the nonaqueous electrolyte rechargeable battery in this invention, a 
thing well-known as a negative-electrode ingredient used for that negative electrode can 
be used, for example, carbon materials other than lithium alloys, such as a metal lithium, 
Li-aluminum, Li-In, Li-Sn, Li-Pb, Li-Bi, Li-Ga, Li-Sr, Li-Si, Li-Zn, Li-Cd, Li-calcium, 
and Li-Ba, such as occlusion of a lithium ion, a graphite which can be emitted, corks, and 
an organic substance baking object, can be used. 

[0018] moreover, as the above-mentioned nonaqueous electrolyte in the nonaqueous 
electrolyte rechargeable battery of this invention Can use the well-known nonaqueous 
electrolyte currently used conventionally, and as a solvent in this nonaqueous electrolyte 
For example, ethylene carbonate, propylene carbonate, butylene carbonate, Vinylene 
carbonate, cyclopentanone, a sulfolane, a dimethyl sulfolane, The 3-methyl -1,3- 
oxazolidine-2-ON, gamma-butyrolactone, Dimethyl carbonate, diethyl carbonate, ethyl 
methyl carbonate, Methylpropyl carbonate, butyl methyl carbonate, ethyl propyl 
carbonate, solvents, such as butyl ethyl carbonate, dipropyl carbonate, 1, 2- 
dimethoxyethane, a tetrahydrofuran, 2-methyl tetrahydrofuran, 1, 3-dioxolane, methyl 
acetate, and ethyl acetate, - one sort — or two or more sorts can be combined and it can 
use. 

[0019] moreover, a solute well-known also as a solute dissolved in the above-mentioned 
solvent in this nonaqueous electrolyte - it can use - for example, LiPF6, LiBF4, LiC104 5 
LiCF3 S03, LiAsF6, LiN (CF3 S02)2, and LiOS02 3 (CF2) CF3 etc. - a lithium 
compound can be used. 
[0020] 

[Example] In the case of the nonaqueous electrolyte rechargeable battery in this example, 
while giving an example and explaining the nonaqueous electrolyte rechargeable battery 
of this invention concretely hereafter, while an early discharge capacity improves, the 
example of a comparison is given and it is shown clearly that a charge-and-discharge 
cycle property also improves. In addition, the nonaqueous electrolyte rechargeable 
battery in this invention is not limited to what was shown in the following example, but 
in the range which does not change that summary, is changed suitably and can be carried 
out. 

[0021] (Examples 1-17 and examples 1-3 of a comparison) In these examples and the 
example of a comparison, the lithium secondary battery which became a flat coin mold as 
shown in drawing 1 was produced using the positive electrode, the negative electrode, 
and nonaqueous electrolyte which were produced as follows. 

[0022] In producing [production of positive electrode] positive electrode nickel2 whose 
mean particle diameter is 0.05 micrometers to LiOH (OH) Co2 (OH) Mn 203 aluminum3 
(OH) It adds by the predetermined mole ratio, respectively. After mixing these using an 
Ishikawa style stone mill mortar, heat treatment is performed for this mixture at 800 
degrees C to the bottom of a dry air ambient atmosphere for 8 hours. Each lithium- 
transition-metals multiple oxide which became a mole ratio as Li, nickel and Co, and Mn 
and aluminum show in the following Table 1 and 2 was produced, these were ground 
using an Ishikawa style stone mill mortar, and each positive-electrode ingredient with 
which mean particle diameter was set to about 5 micrometers, respectively was obtained. 
[0023] and it becomes the weight ratio of 90:6:4, respectively about each of these 
positive-electrode ingredients, the acetylene black which is an electric conduction agent, 
and the polyvinylidene fluoride which is a binder - as - kneading - each positive 



electrode - a mixture -- producing - each positive electrode of****** - a mixture - 
respectively - 2 t/cm2 After pressurizing by the pressure and fabricating to disc-like [ 
with a diameter of 20mm ], under the vacuum, this was heat-treated at 250 degrees C for 
2 hours, and each positive electrode was produced. 

[0024] In producing [production of negative electrode] negative electrode, the rolled plate 
of the lithium-aluminium alloy which became predetermined thickness was pierced to 
disc-like [ with a diameter of 20mm ], and the negative electrode was produced. 
[0025] It is LiPF6 as a solute to the mixed solvent with which ethylene carbonate and 
dimethyl carbonate were mixed by the volume ratio of 1 :1 in producing [production of 
nonaqueous electrolyte] nonaqueous electrolyte. It was made to dissolve at a rate of 1 
mol/1, and nonaqueous electrolyte was produced. 

[0026] In producing [production of cell] cell As shown in drawing 1 , while attaching in 
the positive-electrode charge collector 5 each positive electrode 1 produced as mentioned 
above, respectively, the above-mentioned negative electrode 2 is attached in the negative- 
electrode charge collector 6. The above-mentioned nonaqueous electrolyte is infiltrated 
into the separator 3 which consisted of polypropylene films of ionic permeability. Make 
this separator 3 intervene between each above-mentioned positive electrode 1 and a 
negative electrode 2, and these are made to hold, respectively in each cell case 4 formed 
by positive-electrode can 4a and negative-electrode can 4b. While connecting the positive 
electrode 1 to positive-electrode can 4a through the positive-electrode charge collector 5, 
the negative electrode 2 was connected to negative-electrode can 4b through the negative- 
electrode charge collector 6, this positive-electrode can 4a and negative-electrode can 4b 
were electrically insulated with the insulating packing 7, and each lithium secondary 
battery of examples 1 - 1 7 and the examples 1 -3 of a comparison was produced. 
[0027] (Example 18) nickel2 whose mean particle diameter is 0.05 micrometers to LiOH 
in this example (OH) Co2 (OH) Mn 203 aluminum3 (OH) It adds by the same mole ratio 
as the above-mentioned example 5. After mixing these using an Ishikawa style stone mill 
mortar, it was made to perform heat treatment to the bottom of a dry air ambient 
atmosphere at 800 degrees C for 20 hours, and, other than this, this mixture was boiled, 
therefore the lithium secondary battery was produced like the case of the above- 
mentioned examples 1-17 and the examples 1-3 of a comparison. 

[0028] (Example 19) nickel2 whose mean particle diameter is 0.05 micrometers to LiOH 
in this example (OH) Co2 (OH) Mn 203 aluminum3 (OH) It adds by the same mole ratio 
as the above-mentioned example 5. After mixing these using an Ishikawa style stone mill 
mortar, it was made to perform heat treatment to the bottom of a dry air ambient 
atmosphere at 850 degrees C for 8 hours, and, other than this, this mixture was boiled, 
therefore the lithium secondary battery was produced like the case of the above- 
mentioned examples 1-17 and the examples 1-3 of a comparison. 
[0029] (Example 20) In this example, in producing a positive electrode, in the stirred 
tank, prepared the mixed solution of a nickel sulfate, cobalt sulfate, and a manganese 
sulfate so that the mole ratio of each transition metals might become the rate of 
nickel:Co:Mn=0.9:0.01 :0.09, and it was made to stir, throwing in a sodium-hydroxide 
water solution gradually in this mixed solution, and coprecipitation of the hydroxide of 
each transition metals was carried out. thus, empirical formula nickel0.9 Co0.01Mn0.09 
(OH) to which some nickel atoms in nickel hydroxide have structure which was permuted 
by homogeneity with the cobalt atom and the manganese atom when it carries out - two 



The transition-metals compound hydroxide shown was obtained. 
[0030] And this transition-metals compound hydroxide and LiOH were mixed so that Li 
and the total amount of a transition-metals element might serve as a mole ratio of 1 : 1, this 
mixture was heat-treated at 800 degrees C under the dry air ambient atmosphere for 8 
hours, the lithium-transition-metals multiple oxide was produced, and using this lithium- 
transition-metals multiple oxide, while producing the positive electrode like the case of 
the above-mentioned examples 1-17 and the examples 1-3 of a comparison, the lithium 
secondary battery was produced. 

[0031] (Example 21) In this example, in producing a positive electrode, in the stirred 
tank, prepared the mixed solution of a nickel sulfate, cobalt sulfate, and a manganese 
sulfate so that the mole ratio of each transition metals might become the rate of 
nickel:Co:Mn=0.5:0.4:0.1, and it was made to stir, throwing in a sodium-hydroxide water 
solution gradually in this mixed solution, and coprecipitation of the hydroxide of each 
transition metals was carried out. Empirical formula nickel0.5 Co0.4 MnO.l to which 
some nickel atoms in nickel hydroxide have structure which was permuted by 
homogeneity with the cobalt atom and the manganese atom when it does in this way 2 
The transition-metals compound hydroxide shown was obtained. 
[0032] And the lithium secondary battery was produced like the case of the above- 
mentioned example 20 after that. 

[0033] (Example 22) In this example, in producing a positive electrode, in the stirred 
tank, prepared the mixed solution of a nickel sulfate, cobalt sulfate, a manganese sulfate, 
and an aluminum sulfate so that the mole ratio of each transition metals might become 
the rate of nickel:Co:Mn:aluminum=0. 84:0. 1 :0. 05:0. 01, and it was made to stir, throwing 
in a sodium-hydroxide water solution gradually in this mixed solution, and 
coprecipitation of the hydroxide of each transition metals was carried out. thus, empirical 
formula nickel0.84Co0.1 MnO.05aluminumO.01 (OH) to which some nickel atoms in 
nickel hydroxide have structure which was permuted by homogeneity with the cobalt 
atom, the manganese atom, and the aluminum atom when it carries out — two The 
transition-metals compound hydroxide shown was obtained. 
[0034] And the lithium secondary battery was produced like the case of the above- 
mentioned example 20 after that. 

[0035] (Example 23) In this example, in producing a positive electrode, in the stirred 
tank, prepared the mixed solution of a nickel sulfate, cobalt sulfate, a manganese sulfate, 
and an aluminum sulfate so that the mole ratio of each transition metals might become 
the rate of nickel:Co:Mn:aluminum=0.5:0.1:0.39:0.01, and it was made to stir, throwing 
in a sodium-hydroxide water solution gradually in this mixed solution, and 
coprecipitation of the hydroxide of each transition metals was carried out. thus, empirical 
formula nickel0.5Co0.1 MnO.39aluminumO.01 (OH) to which some nickel atoms in 
nickel hydroxide have structure which was permuted by homogeneity with the cobalt 
atom, the manganese atom, and the aluminum atom when it carries out — two The 
transition-metals compound hydroxide shown was obtained. 
[0036] And the lithium secondary battery was produced like the case of the above- 
mentioned example 20 after that. 

[0037] (Example 4 of a comparison) nickel2 with mean particle diameter big [ 10 
micrometers and particle size ] in this example of a comparison (OH) Co2 (OH) Mn 203 
aluminum3 (OH) It uses. These were added by the same mole ratio as the above- 



mentioned example 5 to LiOH, and, other than this, it was alike, therefore the lithium 
secondary battery was produced like the case of the above-mentioned examples 1-17 and 
the examples 1-3 of a comparison. 

[0038] (Example 5 of a comparison) It sets for this example of a comparison, and mean 
particle diameter is nickel2 with big 10 micrometers and particle size (OH) like the 
above-mentioned example 4 of a comparison. Co2 (OH) Mn 203 aluminum3 (OH) It 
uses. After adding these by the same mole ratio as the above-mentioned example 5 to 
LiOH and mixing these using an Ishikawa style stone mill mortar, It was made to perform 
heat treatment of making this mixture hold at 800 degrees C under a dry air ambient 
atmosphere for 20 hours, and, other than this, was alike, therefore the lithium secondary 
battery was produced like the case of the above-mentioned examples 1-17 and the 
examples 1-3 of a comparison. 

[0039] (Example 6 of a comparison) It sets for this example of a comparison, and mean 
particle diameter is nickel2 with big 10 micrometers and particle size (OH) like the 
above-mentioned example 4 of a comparison. Co2 (OH) Mn 203 aluminum3 (OH) It 
uses. After adding these by the same mole ratio as the above-mentioned example 5 to 
LiOH and mixing these using an Ishikawa style stone mill mortar, It was made to perform 
heat treatment to the bottom of a dry air ambient atmosphere at 850 degrees C for 8 
hours, and, other than this, this mixture was boiled, therefore the lithium secondary 
battery was produced like the case of the above-mentioned examples 1-17 and the 
examples 1-3 of a comparison. 

[0040] (Example 7 of a comparison) nickel hydroxide nickel (OH) which in producing a 
positive electrode in this example of a comparison the nickel hydroxide particle which 
serves as a nucleus into a nickel-sulfate water solution with a concentration of 1 N within 
a mixing vessel was distributed, and the flake-like sodium-hydroxide particle was 
supplied in this, kept solution temperature at 40 degrees C, agitating this, agitated, adding 
a nickel-sulfate water solution and sodium-hydroxide powder further, and became 
spherical « two It obtained. 

[0041] And this nickel2 (OH) LiOH was mixed so that Limickel might serve as a mole 

ratio of 1 : 1 , and the lithium secondary battery was produced after that like the case of the 

above-mentioned examples 1-17 and the examples 1-3 of a comparison. 

[0042] (Example 8 of a comparison) spherical nickel hydroxide nickel (OH) which was 

obtained like the above-mentioned example 7 of a comparison in this example of a 

comparison in producing a positive electrode - two It uses. This nicke!2 (OH) LiOH and 

Co2 (OH) It was made to mix so that Li:nickel:Co may become the mole ratio of 

1 :0. 8:0.2, and the lithium secondary battery was produced after that like the case of the 

above-mentioned examples 1-17 and the examples 1-3 of a comparison. 

[0043] (Example 9 of a comparison) In this example of a comparison, it hits producing a 

positive electrode, and mean particle diameter is nickel2 with big 10 micrometers and 

particle size (OH) like the above-mentioned example 4 of a comparison to LiOH. Used, it 

was made to mix so that Li:nickel may serve as a mole ratio of 1 : 1 , and the lithium 

secondary battery was produced after that like the case of the above-mentioned examples 

1-17 and the examples 1 -3 of a comparison. 

[0044] Here about each positive-electrode ingredient in each lithium secondary battery of 
the above-mentioned examples 1-23 and the examples 1-9 of a comparison While asking 
for the full width at half maximum which exists in the range of 2theta= 18.71 **0.25 



degree by fine-particles X diffraction measurement using Cu-Kalpha as an X line source 
2 -- reinforcement I of the peak which exists in the range of theta= 18.71**0.25 degrees 
(003) 2 - reinforcement I of the peak which exists in the range of theta= 44.54**0.25 
degrees (104) It asks for a peak intensity ratio [I (003)/I (104)]. from -- These results 
were shown according to the following Table 1 and 2. 

[0045] Moreover, after making each lithium secondary battery of the examples 1-23 
produced as mentioned above and the examples 1-9 of a comparison charge to charge 
termination electrical-potential-difference 4.25V by charging current 0.5 mA/cm, 
respectively, While making it discharge to discharge-final-voltage 2.75V by discharge 
current 0.5 mA/cm, carrying out by repeating charge and discharge by making this into 1 
cycle and calculating the discharge capacity of 1 cycle eye in each lithium secondary 
battery It asked for the number of cycles until discharge capacity is less than 90% of the 
discharge capacity in 1 cycle eye, and these results were shown according to the 
following Table 1 and 2. 
[0046] 
[Table 1] 
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[0047] 
[Table 2] 
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[0048] Consequently, if the lithium secondary battery of examples 1-23 is compared with 
the examples 1-3 of a comparison and the lithium secondary battery of 7-9 [ when the full 
width at half maximum which exists in the range of 2theta=18.71**0.25 degree uses the 
lithium-transition-metals multiple oxide which became 0.22 degrees or less as a positive- 
electrode ingredient ] Each lithium secondary battery which used the lithium-transition- 
metals multiple oxide which contains nickel, and Co and Mn at least as a positive- 
electrode ingredient like examples 1-23 Compared with each lithium secondary battery of 
the examples 1-3 of a comparison, and 7-9 using the lithium-transition-metals multiple., 
oxide which at least one of Co and the Mn other than nickel lacks, a cycle property and 
an early discharge capacity were improving remarkably. 

[0049] Moreover, each lithium secondary battery of examples 5 and 22 with which Li,~ 
nickel and Co, and the mole ratio of Mn and aluminum became the same in the lithium- 
transition-metals multiple oxide used for a positive-electrode ingredient, If each lithium 
secondary battery of the examples 4-6 of a comparison is compared, each lithium 
secondary battery of examples 5 and 22 using the positive-electrode ingredient with 
which the full width at half maximum which exists in the range of 2theta=l 8.71**0.25 
degree became 0.22 degrees or less Compared with each lithium secondary battery of the 
examples 4-6 of a comparison using the larger positive-electrode ingredient of the above 
[ half-value width ] than 0.22 degrees, an early discharge capacity was improving 
remarkably. 

[0050] Moreover, each lithium secondary battery of examples 1, 4, 5, and 9 with which 
Li, nickel and Co, and the mole ratio of Mn and aluminum corresponded in the lithium- 
transition-metals multiple oxide used for a positive-electrode ingredient, When each 
lithium secondary battery of examples 20-23 is compared, the hydroxide of each 
transition metals of a small particle size whose mean particle diameter is 0.05 
micrometers is mixed. It compares with each lithium secondary battery of the examples 
1, 4, 5, and 9 which processed this mixture and produced the positive electrode. The 
direction of early discharge capacity of each lithium secondary battery of the examples 
20-23 which processed the hydroxide of the transition metals by which were made to 



neutralize the mixed solution of each sulfate of nickel, Co, Mn, and aluminum, and were 
made to carry out coprecipitation of the hydroxide of each transition metals, and 
coprecipitation was carried out in this way, and produced the positive electrode was 
improving. 

[0051] This adds an alkali solution to the mixed solution of the sulfate of each transition 
metals like each lithium secondary battery of examples 20-23. When this mixed solution 
was neutralized and coprecipitation of the hydroxide of each transition metals is carried 
out, It compares, when the hydroxide of each transition metals of a small particle size 
whose mean particle diameter is 0.05 micrometers is mixed, and it is LiNi02. A lithium 
transition-metals multiple oxide can be produced without spoiling structure This sake 
The part which has the crystal structure suitable for diffusion of a lithium ion increases 
and an early discharge capacity is considered to have improved further 
[0052] Moreover, Lia Cob Mnc Md nickel 1 -(b+c+d) 02 shown in aforementioned claim 
2 as the positive-electrode ingredient when the lithium secondary battery of examples 1- 
23 is compared (M) at least, it is a kind of element chosen from B, aluminum, Si, Fe, V, 
Cr, Cu, Zn, Ga, and W, and the conditions of 0< a<l .2, 0. 1 <=b<=0 5 0 05<='c<=0 4 
0.01<=d<=0.4, and 0.15 <=b+c+d<=0.5 are fulfilled. Each lithium secondary battery of 
examples 5-1 1, and 18, 19, 22 and 23 using the lithium-transition-metals multiple oxide 
expressed Compared with each lithium secondary battery of the examples 1-4 using 
hthium-transition-metals multiple oxides other than this, 12-17, and 20 and 21 the cycle 
property was improving further. 

[0053] Moreover, when the lithium secondary battery of examples 1-17 is compared with 
the lithium secondary battery of examples 18 and 19, Reinforcement I of the peak which 
exists in the range of 2theta=l 8.71**0.25 degree (003) Reinforcement I of the peak 
which exists in the range of 2theta=44.54**0.25 degree (104) The positive-electrode 
ingredient with which the peak intensity ratio [I (003)/I (104)] became 0.8 or more The 
lithium secondary battery of the used examples 1-17 is I (003)/I (104). Compared with 
the lithium secondary battery of the examples 18 and 19 which used the positive- 
electrode ingredient lower than 0.8, discharge capacity was improving further. 
[0054] In addition, in the above-mentioned example, in the lithium-transition-metals 
multiple oxide used as a positive-electrode ingredient, although the example which used 
aluminum other than nickel, and Co and Mn was only shown, when a kind of element 
chosen from the group which consists of B, Si, Fe, V, Cr, Cu, Zn, Ga, and W instead of 
aluminum is used at least, the same result is obtained. 

[0055] Moreover, although the oxide and hydroxide of nickel, Co, Mn, and aluminum 
were used for the raw material which produces a lithium-transition-metals multiple oxide 
you may make it use the nitrate of nickel, Co, Mn, and aluminum, a carbonate, a sulfate, ' 
acetate, an oxalate, etc. for this raw material in the above-mentioned example. 
[0056] Moreover, you may make it use the acetate of nickel, Co, Mn, and aluminum an 
oxalate, citrate, etc. in the above-mentioned examples 20-23 that the raw material to be 
used should just be that to which only the hydroxide of each transition metals precipitates 
by neutralization as a raw material which obtains a transition-metals compound 
hydroxide although the sulfate of nickel, Co, Mn, and aluminum was used. 
[0057] Moreover, the mixed solution of the above-mentioned sulfate of nickel, Co Mn 
and aluminum is neutralized, and although the sodium-hydroxide solution was used for' 
the alkali solution to which coprecipitation of the hydroxide of each transition metals is 



carried out, you may make it this alkali solution use a lithium-hydroxide solution, a 
pottasium hydroxide solution, a cesium hydroxide solution, etc. in the above-mentioned 
examples 20-23 that what is necessary is just that to which coprecipitation only of the 
hydroxide of each transition metals can be carried out by neutralization. 
[0058] Moreover, although a sodium hydroxide is added to the mixed solution of the 
above-mentioned sulfate of nickel, Co, Mn, and aluminum and it was only made to carry 
out coprecipitation of the hydroxide of each transition metals, in this case, pH regulators, 
such as ammonia, are added, the generation rate of the hydroxide of each transition 
metals is adjusted, and each transition metals may compound-be made to beized in the 
above-mentioned examples 20-23 by homogeneity. 
[0059] 

[Effect of the Invention] In a nonaqueous electrolyte rechargeable battery [ in / as 
explained in foil detail above / claim 1 of this invention ] As the positive-electrode 
ingredient, it is the lithium-transition-metals multiple oxide which contains nickel, and 
Co and Mn at least. Since the full width at half maximum which exists in the range of 
2theta=l 8.71**0.25 degree measured by fine-particles X diffraction measurement using 
Cu-Kalpha as an X line source used the thing 0.22 degrees or less, LiNi02 which is the 
multiple oxide of a lithium and nickel While nickel which can be set is permuted from Co 
and Mn and the crystal structure is strengthened Distribution of the transition metals in 
the lithium-transition-metals multiple oxide which contains nickel, and Co and Mn at 
least became homogeneity, and the part which has the distance between layers suitable 
for diffusion of a lithium ion increased. 

[0060] Consequently, in the nonaqueous electrolyte rechargeable battery in claim 1 of 
this invention, while an early discharge capacity improved, the fall of the discharge 
capacity at the time of repeating charge and discharge was also controlled, and the cycle 
property improved. 

[0061] Moreover, as shown in claim 2 of this invention, it is Lia Cob Mnc Md nickel 1- 
(b+c+d) 02 (M) to the above-mentioned positive-electrode ingredient, at least, it is a kind 
of element chosen from B, aluminum, Si, Fe, V, Cr, Cu, Zn, Ga, and W, and the 
conditions of 0< a<1.2, 0.1<=b<=0.5, 0.05<=c<=0.4, 0.01<=d<=0.4, and 0.15 
<=b+c+d<=0.5 are fulfilled. When the lithium-transition-metals multiple oxide expressed 
was used, it improved further in the cycle property in a nonaqueous electrolyte 
rechargeable battery. 

[0062] As shown in claim 3 of this invention, the reinforcement of the peak which exists 
in the range of 2theta=l 8.71**0.25 degree measured as the above-mentioned positive- 
electrode ingredient by fine-particles X diffraction measurement which used Cu-Kalpha 
for X line source Moreover, I (003), It is I (104) about the reinforcement of the peak 
which exists in the range of 2theta=44.54**0.25 degree. When it carries out, it is I (003)/I 
(104). When the value used 0.8 or more things, the discharge capacity in a nonaqueous 
electrolyte rechargeable battery improved further. 

[0063] Moreover, as a positive-electrode ingredient in the nonaqueous electrolyte 
rechargeable battery of above-mentioned claims 1-3, as shown in claim 4 of this 
invention, as shown in claim 5 An alkali solution is added to the mixed solution of each 
salt of the transition metals which contain nickel, and Co and Mn at least. If the lithium- 
transition-metals multiple oxide which the compound hydroxide of each of these 
transition metals was made to mix a lithium compound, was made to calcinate this 



mixture, and was manufactured is used after carrying out coprecipitation of the hydroxide 
of each transition metals and obtaining the compound hydroxide of each transition metals 
Distribution of the transition metals in this lithium-transition-metals multiple oxide 
became homogeneity, the turbulence of the crystal structure decreased, and the discharge 
capacity in a nonaqueous electrolyte rechargeable battery improved further. 



